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It has been speculated that neonatal coarctation results
from postnatal constriction of the aortic isthmus and
ductus arteriosus. However, aortic arch hypoplasia is
present in some neonates with coarctation and is pre-
sumed to be due to decreased aortic arch blood flow in
utero. To measure the degree of aortic arch hypoplasia
and to analyze the distribution of blood flow in neonatal
coarctation, quantitative morphometric analysis of the
great vessels from two-dimensional echocardiograms was
performed in 14 neonates with isolated coarctation and
14 normal control neonates, all less than 1 month old.
Measurements of the aortic valve, pulmonary valve, as-
cending aorta, transverse aortic arch between the ca-
rotid and subclavian arteries, aortic isthmus, descending
aorta, main pulmonary artery and brachiocephalic ves-
Neonates with coarctation of the aorta commonly present
with severe congestive heart failure. With recent advances
in echocardiographic imaging, it has become possible to
make the diagnosis of coarctation in neonates noninvasively
(1,2), thereby avoiding the risks of cardiac catheterization.
The echocardiographic diagnosis of coarctation is dependent
on the demonstration of the' 'coarctation shelf," a ridge in
the posterior descending aorta at the point of the coarctation.
Smallhom et al. (2) demonstrated that a reliable diagnosis
of coarctation could be made with two-dimensional echo-
cardiography in neonates with clinical findings consistent
with coarctation.
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sels were obtained to the nearest 0.5 mm. In coarctation
patients the transverse arch and isthmus were signifi-
cantly smaller than in control subjects (p < 0.001). In
addition, pulmonary valve and main pulmonary artery
diameters were significantly greater in neonates with
coarctation than in normal neonates.
Transverse arch hypoplasia and increased pulmonary
valve and pulmonary artery diameters are present in
neonates with coarctation. This suggestsdecreased aortic
arch flow and increased pulmonary and ductus arteri-
osus flow in utero, which produce a characteristic echo-
cardiographic appearance of transverse arch hypoplasia
with a large main pulmonary artery.
(J Am Coli CardioI1986;8:616-20)
Noting the frequent association of tubular hypoplasia of
the aortic arch with coarctation. some investigators (3,4)
have postulated that reduced aortic arch blood flow in utero
results in coarctation. Others (5,6) have emphasized the role
of postnatal constriction of the ductus arteriosus and isthmus
in producing coarctation. The latter hypothesis suggests that
aortic isthmus flow is decreased only after birth as a result
of ductal constriction.
The purposes of this study were to describe the quanti-
tative anatomy of the aortic arch and pulmonary artery in
coarctation soon after birth and to analyze vessel dimensions
as a method of inferring in utero flow dynamics.
Methods
Study patients. Cross-sectional echocardiograms in 14
consecutive neonates known to have isolated coarctation of
the aorta were analyzed and compared with echocardio-
grams from 14 control neonates without coarctation and
without structural heart disease. Echocardiograms were per-
formed and interpreted without knowledge of the aortic arch
anatomy. All subjects were of term gestation and were less
than 30 days old when the echocardiograms were performed.
Neonates with associated structural heart defects or arch
anomalies were excluded from this study.
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Echocardiography. The two-dimensional echocardio-
gram s were obtained using Advanced Technological Lab-
oratorie s equipment with 5 or 7.5 MHz mechanical sector
scanners . Each study was complete and employed a seg-
mental approach to chamber localization and visualization
of the great vessels. The intern al dimensions (trailing edge
to leadin g edge) of each segment of the aortic arch , the
main pulmonary artery and the semilunar valves were mea-
sured using a Digisonic s video analysis system. Thre e mea-
surements of each segment were obtained to the nearest 0 .5
mm and the average was recorded . Because vessel diameter
changes throughout the card iac cycle, we used the greatest
vessel diameter during systole for all measurements of great
vesse l and semilunar valve diame ter.
Accurate measurement of aortic arch segments and vi-
sualization of the coarctation required imaging of the arch
in different planes . We employed our previously reported
segmental approach to imaging the aortic arch ( I) to ensure
that measurements were made in true orthogonal plane s and
to properly image the isthmus region distal to the left sub-
clavian artery . The diameter of the ascending aort a was
obtained from suprasternal notch images and mea sured ju st
proximal to the origin of the right brachiocephalic artery
(Fig. I ). The tran sverse aortic arch was measured imme-
diately distal to the origin of the left carotid artery. The
aortic isthmu s, which deviate s medially in coarctation, was
imaged from the high p arasternal long-axis position. In this
view the origin of the left subclavian artery , the coarctation ,
the ductus arteriosus and the left pulmonary artery were
visualized and the relati ve position of the coarctation and
the ductus arteriosus could be determined . The isthmus was
measured just distal to the origi n of the left subclavian
artery. The right innominate artery , the left carotid artery
and the left subclavian artery were measured at their origins
from the aortic arch.
The diameter of the main pulmonary artery was obtained
Figure 1. Upper panel, Segmental
imaging of the aortic arch in normal
neonates (left) and in neonates with
coarctation (r ight). The ascending aorta
(AA) is viewed from the suprasternal
notch. Middle panel, The transverse
arch (TA) between the origin of the
left carotid artery and left subclavian
artery (LSA) . Hypoplasia and elon-
gation of the transverse arch is appar-
ent in this coarctation patient (r ight)
in comparison with a normal control
subject (left). Lower panel, The pul-
monary artery (PA) from a high left
parasternal position demon strating en-
largement of the main pulmonary ar-
tery in coarctation compared with a
normal neonate . DA = descend ing
aorta .
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Table 1. Great Vessel and SemilunarValve Dimensions in Coarctation and Control Groups
Age Weight
Group (days) (kg) AY* PY AA T DA PA RIA LCA LSA LCA-LSA
Coarctation
(n = 14)
Mean 12.6 3.5 5.3 11.1 6.6 3.5 3.lt 5.9 12.5 5.0 3.4 3.0 8.8
±SD 8.3 0.6 1.0 1.3 1.0 0.6 0.6 1.1 1.6 0.8 0.6 0.4 2.3
Control
(n = 14)
Mean 9.7 3.8 6.7 8.0 7.3 5.5 4.5 5.9 9.3 4.3 2.6 2.8 3.9
±SD 10.0 0.6 0.9 1.2 0.8 0.6 0.8 1.0 1.1 0.6 0.4 0.5 1.8
P Yalue 0.43 0.20 <0.001 <0.001 <0.01 <0.001 <0.001 1.0 <0.001 <0.02 <0.001 0.26 <0.001
*All dimensions are expressed in millimeters. tn = 10. AA = ascending aorta; AY = aortic valve; DA = descending aorta; I = isthmus; LCA
= left carotid artery; LSA = left subclavian artery; LCA-LSA = length of transverse arch between the left carotid and left subclavian arteries; n =
number of patients; PA = main pulmonary artery; PY = pulmonary valve; RIA = right innominate artery; T = transverse arch.
from high parasternal echocardiograms where the main pul-
monary artery and the origin of the left pulmonary artery
and ductus were seen. Semilunar valve anuli were measured
in systole in the long axis of the left ventricle for the aortic
valve or in a modified long-axis parasternal scan of the right
ventricular outflow tract for the pulmonary valve. Descend-
ing aorta diameters were measured at the diaphragm in sag-
ittal subcostal scans.
In every case the largest systolic diameter of vessel seg-
ments imaged in this manner was recorded. All measure-
ments and ratios of dimensions from neonates with coarc-
tation were compared with those from control neonates using
a nonpaired t test.
Confirmation of diagnosis. The diagnosis of coarctation
was confirmed at catheterization in five neonates. Eight had
confirmation of the diagnosis of coarctation at the time of
repair. Five patients had a clinical diagnosis of coarctation
and are currently being followed with medical management
and are awaiting repair. One moribund neonate had autopsy
confirmation of coarctation.
Results
Neonates with coarctation were similar to control neo-
nates in weight and postnatal age (Table 1). Clinical evi-
dence of coarctation of the aorta was present in all cases,
as evidenced by signs of congestive heart failure, including
tachypnea and cardiomegaly, and decreased or absent fem-
oral pulses. None had coexistent cardiac anomalies, with
the exception of bicuspid aortic valve in three and patent
ductus arteriosus in seven. The coarctation was described
as juxtaductal in 13 of the 14 patients. One neonate had a
diagnosis of postductal coarctation. In four cases the left
subclavian artery arose at the site of coarctation. Therefore,
there was no identifiable isthmic segment in these patients.
One patient with coarctation had aneurysmal dilation of the
right aortic sinus of Valsalva without left ventricular outflow
tract obstruction.
Great vessel dimensions. Measurements of the aortic
arch segments are shown in Table I. All neonates with
coarctation demonstrated segmental hypoplasia of the aortic
arch. The diameters of the aortic valve anulus, ascending
aorta, transverse arch and isthmus were significantly smaller
in patients with coarctation than in control subjects. The
mean internal diameter of the transverse arch in coarctation
was 3.5 mm compared with 5.5 mm in control subjects
(p < 0.001). A transverse arch dimension less than 4.5 mm
distinguished coarctation from normal in all cases. In ad-
dition, the transverse arch and isthmus were proportionately
smaller in coarctation when compared with the diameter of
the ascending aorta in the same patient (Table 2). For ex-
ample, the ratio of the transverse arch to the ascending aorta
Table 2. Ratios of Great Vessel and SemilunarDimensions in Coarctation and Control Patients
TIAA IIAA DAIAA AAIDA TIDA IIDA PAiDA AA/PA TIPA IIPA LSAIT LCAIT
Coarctation patients
(n = 14)
Mean 0.54 0.48* 0.90 0.54 0.62 0.54* 2.18 0.54 0.29 0.25* 0.86 0.96
±SD 0.09 0.08 0.19 0.1 I 0.16 0.13 0.48 0.11 0.06 0.05 0.13 0.18
Control patients
(n = 14)
Mean 0.76 0.61 0.52 0.80 0.96 0.77 1.63 0.80 0.60 0.49 0.52 0.48
±SD 0.07 0.10 0.10 0.11 0.19 0.17 0.40 0.11 0.10 0.10 0.10 0.08
P Yalue <0.001 0.001 0.14 0.29 <0.001 0.001 <0.01 <0.001 <0.001 <0.001 <0.001 <0.001
*0 = 10. Abbreviations as in Table I.
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was 0.53 in coarctation cases compared with 0.75 in control
cases. Similarly, the ratio of the isthmus to the ascending
aorta was 0.46 for coarctation cases and 0.61 for control
cases. Therefore, in addition to segmental hypoplasia, an
abnormally rapid "taper" of the arch was observed in coarc-
tation.
Significant enlargement of the pulmonary valve anulus,
the main pulmonary artery and the left carotid artery was
noted in neonates with coarctation. There were no differ-
ences between the two groups in descending aorta and left
subclavian artery diameters. The length of the transverse
arch between the left carotid artery and left subclavian artery
was significantly increased in coarctation (p < 0.001). The
diameters of the left carotid artery, the left subclavian artery
and the transverse arch were essentially equal in coarctation
patients. In contrast, in the normal neonate the diameters
of the left carotid and left subclavian arteries were approx-
imately 50% of the diameter of the transverse arch (Ta-
ble 2).
Ratios of great vessel dimensions. Because the de-
scending aorta diameter was equal in the two groups, we
used the ratio of arch diameter to descending aorta diameter
to control for variation in patient size and weight (Table 2).
The ratios of the transverse arch to the descending aorta and
the isthmus to the descending aorta were significantly smaller
in the coarctation group, whereas the ratio of the pulmonary
artery to the descending aorta was significantly larger.
The difference between the dimensions of the great ar-
teries in patients with coarctation versus those in control
patients was enhanced by comparing the dimension of arch
segments with main pulmonary artery diameter. The ratios
of the ascending aorta to pulmonary artery, transverse arch
to pulmonary artery and isthmus to pulmonary artery were
significantly smaller in coarctation, and distinguished neo-
nates with coarctation from control neonates with no overlap
of values.
Discussion
Aortic arch hypoplasia in neonatal coarctation. The
frequent association of tubular hypoplasia of the aortic arch
with coarctation has been noted in both pathologic and an-
giographic studies (3,6). Sinha et al. (7) found tubular hy-
poplasia in 55 of 71 infants with coarctation; II of these
infants had isolated coarctation. Ho and Anderson (3) noted
some degree of tubular hypoplasia in all infants with coarc-
tation, although some infants had hypoplasia without coarc-
tation. In an angiographic study, Rudolph et al. (5) found
tubular hypoplasia to be uncommon in neonates with dis-
crete coarctation. Recently other investigators have noted
the presence of hypoplasia of both the isthmus and transverse
arch in neonatal coarctation. Using an isthmic diameter of
3.3 mm, Smallhorn et al. (2) were able to predict the pres-
ence of coarctation on echocardiography in 89% of their
subjects. Additionally, when a coarctation shelf was not
clearly identified, the diameter of the isthmus was 3 mm or
less in 93% of their subjects. They also noted a larger isthmic
diameter in neonates with postductal coarctation. This may
be due to retrograde aortic blood flow with ductal patency
in postductal coarctation. However, in their study arch di-
mensions were not independently assessed in cases with
isolated coarctation or in control cases without intracardiac
abnormalities. In the present study we have demonstrated
significant hypoplasia of the ascending aorta, transverse aor-
tic arch and isthmus in neonates with isolated coarctation.
These abnormalities gave a unique appearance of a long,
uniformly narrowed transverse arch (tubular hypoplasia)
(Fig. 2).
Sinha et al. (7) first employed the ratio of the transverse
arch diameter to pulmonary valve dimension to control for
variations in age and weight. However, the ratio of the aortic
valve to the pulmonary valve is known to vary with postnatal
age (8). In addition, alterations in flow produced by intra-
cardiac shunts produce significant alterations in ratios of
valve orifices. We used ratios of great vessel dimension to
serve as internal controls and to further describe abnormal
flow patterns that may lead to neonatal coarctation. By com-
paring the ratio of the diameter of the transverse arch and
isthmus with the diameter of the ascending aorta, we have
demonstrated an abnormally rapid "taper" of the arch in
coarctation. If one assumes that isthmic flow is negligible
in coarctation, then the diameter of the transverse arch should
nearly equal the diameter of the left subclavian artery. In
our patients with coarctation the transverse arch was vir-
tually equal in diameter to the left subclavian artery, whereas
in control subjects the transverse arch was twice the diameter
of the left subclavian artery (p < 0.001). Therefore, we
conclude that flow to the brachiocephalic vessels and de-
scending aorta is maintained in the fetus with coarctation,
Figure 2. Schematic representation of the great vessels in isolated
neonatal coarctation summarizing arch diameters in coarctation
patients versus control subjects (in parentheses). Measurements
are mean diameters expressed in millimeters. AA = ascending
aorta; DA = descending aorta; I = isthmus; LeA = left carotid
artery; PA = pulmonary artery; RIA = right innominate artery;
T = transverse arch.
LeA =3.4 (2.6)
~Oll=3.5 (5.5)
""'0('7 Ii ("" ""
AH6('" pfl~ DH9(59,
PA = 12.5 (9.3)
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whereas transverse arch and isthmic flow are reduced with
a corresponding increase in main pulmonary artery and duc-
tal flow.
Pathogenesis of coarctation. In the normal fetal lamb,
isthmic flow is low and descending aortic blood flow is
primarily through the ductus arteriosus (5). This leads to
tapering of the aortic arch from ascending aorta to isthmus
in the normal neonate (9). Some investigators (3,4) have
argued that decreased prograde aortic arch blood flow produces
neonatal coarctation. Hutchins (10) theorized that the pos-
terior coarctation shelf represents a branch point in the fetal
ductus arteriosus. He argued that reduced aortic arch flow
and increased ductal flow in utero would produce a division
of ductal flow into two streams leading to the formation of
the juxtaductal posterior ledge. In keeping with this hy-
pothesis, Ho and Anderson (3) and Elzenga and Gittenber-
ger-DeGroot (6) have noted the almost ubiquitous presence
of ductal tissue in the coarctation shelf and isthmus of af-
fected infants. However, they argue that postnatal constric-
tion of ductal tissue produces coarctation. The frequent as-
sociation of juxtaductal coarctation with ductal patency led
Rudolph et al. (5) to hypothesize a major role for ductal
constriction in producing neonatal coarctation.
We have demonstrated the presence of segmental hy-
poplasia of the transverse arch and enlargement of the pul-
monary valve and pulmonary artery in infants with isolated
coarctation who are less than I month old. Because vessel
diameter is related to flow (4,5), we believe that these ab-
normalities in vessel dimension reflect disturbed hemody-
namic patterns of transverse arch and isthmic flow. The
presence of these abnormalities in neonates implies their
presence in utero (5). Reduced aortic arch flow could result
from subtle obstruction at the aortic valve, mitral valve or
foramen ovale in utero. In addition, right ventricular en-
largement is commonly found at cardiac catheterization in
infants with coarctation (11). We have detected coarctation
by the presence of disproportionate right ventricular en-
largement on fetal echocardiography. Therefore, a unified
hypothesis describing the pathogenesis of neonatal coarc-
tation must include reduced aortic arch blood flow and right
heart enlargement in utero.
Clinical significance. With the advent of high resolution
echocardiography it is now possible to make the diagnosis
of coarctation of the aorta in most affected neonates. How-
ever, the aortic isthmus may be difficult to image. In some
infants a "coarctation shelf" may not be seen, although
clinically compatible symptoms and signs of coarctation
exist. In the absence of associated intracardiac abnormalities
we have found segmental hypoplasia of the arch to be useful
in the echocardiographic diagnosis of coarctation in this age
group. Additionally, the presence of pulmonary valve and
pulmonary artery enlargement in the absence of an intra-
cardiac shunt should alert the clinician to the presence of
coarctation.
Blood flow redistribution is present in coarctation, re-
sulting in increased ductal flow (increased pulmonary valve
anulus) and decreased ascending aorta and aortic arch flow
(decreased aortic valve anulus). In spite of this alteration
the carotid and innominate arteries are larger in coarctation.
We speculate that increased carotid flow may result from
coarctation in utero and may contribute to the development
of abnormalities of the cerebral circulation and late cerebral
complications of coarctation in the adult.
The echocardiographic recognition of arch hypoplasia
and increased pulmonary valve and pulmonary artery di-
mensions in the fetus may also enhance in utero detection
of coarctation or detection of infants at risk of coarctation
with ductal closure. The early detection of these abnor-
malities could significantly reduce morbidity and mortality
in neonates with isolated coarctation.
We express our appreciation to Nancy Mitchell for preparation of this
manuscript, and to Heidi Elder, Doug Huffines and the fellows of the
Baylor Section of Pediatric Cardiology for their assistance in performing
this study.
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